REPORT  DOCUMENTATION  PA( 


’  Pur;-: '■eDT'*--c  cci-ecTic-i  c’ •nTOffrati''-'-  s  •'Cur  oe* -eso 

i  catnefrc  ar~  r‘.v''ia'’’-r.z  rre  raia  neecec.  anc  ccrroteTin;;  arc  -  t  *“‘=“  :?:■?-, cn 

^  ^ f''i LiCT,::  sucjQe^t'C'^s ’Of  !’eCw(:"'t  -»s"  ’-i^a^Ci-.. 

•  -r  'h^  «ri,-gtc-  :p  222:;-^3:;.  anc  -  ■■  V  -'acp"'P-iar3  bLQC 


AGENCY  USE  ONLY  (Leave  olank) 


2.  REPORT  DATE 


,  A.  TITLE  AND  SUBTITLE 


AFRL-SR-BL-TR-98- 

o;rj;;2,  _ 

_ _  .  I  re  Mwu  UATES  COVERED 

FINAL  01  Mar  97  to  31  May 

i  5  FUNDING  NUMBERS 


98 


ACQUISITION  OF  A  FEMTOSECOND  OPTICAL  PARAMETRIC 
OSCILLATOR  AMPLIFIER  AND  PULSE  DIAGNOSTICS 

'  6.  AUTHOR(Sj 


F49620-97-1-0116 

3484/US 

61103D 


Dr  V.  A.  Apkarian 


i 

I 


‘  7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRE5S(ES; 

Dept  of  Chemistry 

University  of  California,  Irvine 

Irvine  CA  92697-2025 

’  9.  SPONSORING  ..  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

AFOSR/NL 

110  Duncan  Ave  Room  B115 
Bolling  AFB  DC  20332-8050 

Dr  Michael  R«  Berman  _ 

V..  SUPPLEMENTARY  NOTES 


I 

t  8-  PERrORA^’NG  ORGANiZATiON 
{  REPORT  NUMBER 


I  10- SPONSORING  MONm  ORiNG 
I  AGENCY  REFOPr  NUMBER  ■. 

I 

19980803  101 


’  iZi  D’STRlaJ'lON  AVAILABILITY  STATEMENT  12c.  DiSTKIBUTlOu  v.ODS 

Approved  for  puhlio  roleBM  J 

distribution  unlimited. 


IS.  ABSTRACT  iMdximum  200  words) 

This  equipment  grant  was  intended  to  significantly  enhance  our  experimental 
capabilities  in  femtosecond  time  resolved  studies  of  molecular  dynamics  in  condensed 
media.  Under  this  grant,  we  developed  a  independently  tunable,  yet  synchronized 
femtosecond  spectrometer,  and  we  designed  and  constructed  our  own  OPO.  The  system 
proved  to  be  quite  efficient,  enabling  us  to  use  intensities  as  low  as  500  uJ/pulse  ^ 
to  pump  two  OPOs.  We  now  boast  of  a  two-color  fs  spectrometer  with  80  fs  time  > 

resolution  (from  cross  correlation  between  the  two  arms)  and  independent  tunability  [ 
from  480  nm  to  2400  nm  is  each  arm.  Data  obtained  with  this  system,  measurements  [ 
of  nonadiabatic  dyamics  in  solids,  is  already  in  proess.  We  constructed  a  Frequency^ 
Resolved  Optical  gating  (FROG)  with  a  purchased  CCD  array  detector  used  in  advancing| 
concepts  of  measurement  and  characterization  of  system  coherence.  r 
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This  equipment  grant  was  intended  to  significantly  enhance  our  experimental 
capabilities  in  femtosecond  time  resolved  studies  of  molecular  dynamics  in  condensed 
media.  Two  major  improvements  were  the  goals.  Both  have  been  successfully  completed, 
and  have  generated  results  that  have  already  been  published.  I  describe  them  succinctly. 

a)  Since  electronic  recording  speeds  are  limited  to  the  GHz  range,  time  resolved 
studies  on  femtosecond  time  scales  invariably  involve  the  use  of  two  or  more  laser  pulses, 
in  which  time  steps  are  derived  as  a  function  of  optical  delay  lines  between  pump  and  probe 
pulses.  Quite  clearly,  to  be  able  to  follow  the  relevant  science,  the  hght  sources  should 
have  the  flexibility  to  tune  to  system  resonances.  As  such,  it  is  obvious  that  both  pump  and 
probe  wavelengths  should  be  tunable.  Our  femtosecond  laser  consisted  of  one  tunable  leg, 
one  Optical  Parametric  Oscillator  (OPO)  pumped  by  a  Ti:Sapphire  laser.  Under  this  grant, 
we  developed  a  second  one  pumped  by  the  same  source,  thus  creating  a  two  color, 
independently  tunable,  yet  synchronized  femtosecond  spectrometer.  While  our  initial 
intention  was  to  purchase  a  second  OPO,  given  the  unsatisfactory  specifications  of 
commercially  available  units,  we  designed  and  constmcted  our  own  OPO.  The  system 

proved  to  be  quite  efficient,  enabling  us  to  use  intensities  as  low  as  500  pJ/pulse  to  pump 
both  OPOs.  A  schematic  of  our  design  is  presented  in  Fig.  1.  We  now  boast  of  a  two- 
color  fs  spectrometer  with  80  fs  time  resolution  (from  cross  correlation  between  the  two 
arms)  and  independent  tunability  from  480  nm  to  2400  nm  in  each  arm.  Data  obtained  with 
this  system,  measurements  of  nonadiabatic  dyamics  in  solids,  is  already  in  press.' 

b)  Cmcial  to  all  femtosecond  measurements  is  the  characterization  of  the  laser 
pulses  used  in  experiments,  and  in  particular  knowledge  of  the  coherence  of  the  pulses,  i.e. 
the  joint  time-frequency  distribution  of  the  laser.  Manipulation  of  the  coherence  of  the  laser 
pulse  is  one  of  the  more  important  dimensions  in  fs  spectroscopy,  since  it  enables 
measurements  of  coherence  of  the  evolution  of  a  system  under  study  and  its  coherent 
control.  The  methods  of  choice  for  characterization  of  source  coherence  are  the  techniques 
that  come  under  the  name  Frequency  Resolved  Optical  Gating  (FROG).^  We  constructed 
our  own  FROG  system,  using  the  Kerr  gate  geometry,  with  a  purchased  CCD  array 
detector  as  the  main  acquisition.  We  use  commercially  available  software  for  pulse  retrieval 
(roOG  1.5,  Femtosecond  Technologies,  Inc.).  This  system, is  complete,  and  has  already 
been  used  in  advancing  concepts  of  measurement  and  characterization  of  system 
coherence.^  In  an  important  paper  that  is  already  in  press,  we  show  through  experiment 
and  theory  that  system  coherences  can  be  measured  using  chirped  probe  pulses,  and  show 
that  through  a  time-frequency  to  a  time-coordinate  transformation,  an  isomorphism  can  be 
established  between  measurements  of  radiation  coherence  through  cross  correlation  and 
system  coherence  through  measurements  of  signal  as  a  function  of  probe  chirp.  Analytic 
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expressions  have  been  derived  and  tested  out  quite  satisfactorily  with  experiment.  A 
preprint  of  the  paper  that  describes  the  set-up,  the  experiments,  and  the  theory,  is  included 
in  this  report. 
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